C
hildren born with bilateral cleft lip-cleft palate have a shortened columella and an elevated, protruding premaxilla, which results in an abnormal appearance of the nose.
1,2 Conventional surgical techniques to repair the lip and nose result in unnatural proportions of the columella, nostrils, and nasal tip. To improve the nasal shape, these patients often undergo multiple operations on the nose which, in many cases, result in a scarred columella and residual deformities of the nose.
An alternative to these multiple surgical interventions is the use of presurgical nasoalveolar molding. Nasoalveolar molding was first developed by Grayson and Cutting in 1988 based on the ear cartilage molding techniques described by Matsuo et al. [3] [4] [5] [6] [7] [8] [9] In evaluating the benefits of nasoalveolar molding, Spengler et al. demonstrated that patients who received nasoalveolar molding had an increased columella length and nostril height at their 10-month follow-up. 10 Using photometric nasal evaluation, Liou et al. have demonstrated an increased columella length and nostril height with a 3-year follow-up in patients who underwent nasoalveolar molding. 11 Our group recently published a photometric nasal evaluation of our patient population that demonstrated a normalized columella length at age 3 years and a reduction in secondary revision surgery of the nose at age 8 years. 12 To date, this is the longest follow-up study reported in the literature.
Because it is a relatively new technique, the long-term results of nasoalveolar molding followed by primary nasal reconstruction are unknown. Although several authors have shown stable results up to age 3, and our patients appear to have a good long-term result ( Fig. 1) , there have been no studies published that have evaluated the nasal morphology of bilateral cleft lip-cleft palate patients undergoing nasoalveolar molding and primary nasal reconstruction with a 12-year followup. Thus, the remaining question is: Does nasoalveolar molding, in combination with primary nasal reconstruction, provide a long-term benefit to the children who receive it? The purpose of this retrospective, longitudinal study is to describe the nasal morphology of children up to the age of 12 years who were treated at our institution with a diagnosis of bilateral cleft lip-cleft palate and who underwent nasoalveolar molding with primary nasal reconstruction and compare their nasal morphology to that of normal, age-matched controls.
PATIENTS AND METHODS
We performed a longitudinal, retrospective review of 77 consecutive, nonsyndromic patients born with bilateral cleft lip-cleft palate from 1991 through 2004 who were treated with nasoalveolar molding followed by primary nasal reconstruction at the New York University Langone Medical Center, Institute of Reconstructive Plastic Surgery. As shown in Table 1 , not all 77 patients are included at each time point. Because this technique is relatively new, we have fewer patients at the later time points. In addition, because of life events such as patients moving, there are some patients who have been lost to follow-up. The number for each time 
Presurgical Nasoalveolar Molding
The nasoalveolar molding procedure has been described in detail previously. [3] [4] [5] [6] Briefly, the molding device is composed of an intraoral component and an intranasal component. Retention is provided from tapes based on the cheeks, which engage the intraoral plate with orthodontic rubber bands (Fig. 2) . Serial adjustments to the nasoalveolar molding device are made every 1 to 2 weeks. The premaxilla is retracted and aligned with the lateral lip and alveolar elements. Once the alveolar gaps are reduced to 5 mm, the nasal stents are added. Nasoalveolar molding approximates the nasal dome cartilages, increases nasal tip protrusion, increases the surface area of the nasal mucosal lining, and lengthens the columella.
Primary Cleft Lip-Cleft Palate Repair
The primary surgical repairs were performed by a single surgeon (C.B.C.) using a Millard type lip repair and a Cutting retrograde primary nasal reconstruction or combination Mulliken/Cutting primary nasal reconstruction as described previously. [13] [14] [15] [16] [17] If the nasoalveolar molding before treatment provided satisfactory columella length and nasal tip shape, a simple Cutting type retrograde primary nasal reconstruction was performed. This involved retrograde elevation of soft tissue from the surface of the lower lateral cartilages and suturing of the domes together using polydioxanone suture. No nasal tip skin incisions were made. If columellar length was felt to be inadequate following nasoalveolar molding, Mulliken type nostril apex incisions were added to the procedure to elongate the columella using nasal tip skin and to provide direct access to the lower lateral cartilages for intradomal suturing. Inadequate nasoalveolar molding before treatment was usually attributable to poor patient compliance or more commonly a late start to the procedure. We usually start nasoalveolar molding at 1 week of life. Some patients started as late as age 2 to 3 months. These patients received the combined Mulliken/Cutting procedure as described by Morovic and Cutting. 16 The lip repair was performed at an average age of 5.5 months. Nylon skin sutures were removed on postoperative day 7. To minimize the lip scar, adhesive skin closure At an average age of 12 months, a Bardach type cleft palate repair with levator sling and bilateral tensor tenopexies was performed, as described previously. 18, 19 Cases performed before 1999 did not receive the bilateral tensor tenopexy.
Nasal Impressions and Casts
Nasal impressions and casts were performed on each child. To make the nasal impression, a vinyl polysiloxane compound (Memosil 2; Heraeus Kulzer, Inc., Armonk, N.Y.) was used and applied onto the surface of the nose. The impression included the bilateral medial canthi as reference points, extended superiorly to the radix, inferiorly to the vermilion border of the upper lip, and laterally onto the cheek to include the entire nasal ala. The material was allowed to cure before removal from the patient. The impression was then used to make a positive cast of the nose using dental stone (Fig. 3) . Nasal impressions were made at five different time points as shown in Table 1 .
Anthropometric Analysis
All the anthropometric measurements were performed directly on the nasal casts using a digital sliding caliper by two independent ex- Plastic and Reconstructive Surgery • April 2011 aminers (J.S.G., T.W.K.). For each time point, five measurements, as described by Farkas, 20 were made (Fig. 4 ).
1. Nasal tip protrusion (sn-prn): distance between the subnasale and the nasal tip. 2. Alar width (al-al): distance between the most lateral points on alae. 3. Alar base width (ac-ac): distance between the facial insertions of alar base. 4. Columella length (sn-c=): distance between the subnasale and the nostril apex. 5. Columella width (sn=-sn=).
Statistical Analysis
Each variable was measured three times by each examiner. Interoperator error was calculated and was not significant. The average value and SD were calculated. The one-sample Student t test was used to determine whether the mean of our sample was similar to the age-matched noncleft controls from Farkas. 20 A value of p Ͻ 0.05 was considered statistically significant.
RESULTS
The results of the study are shown in Figure 5 and Table 2 .
Nasal Tip Protrusion (sn-prn)
The nasal tip protrusion on presentation (time point T1) was significantly shorter in the cleft lip-cleft palate patients when compared with the Farkas group. However, after nasoalveolar molding and primary nasal reconstruction, the nasal tip protrusion was statistically longer at time points T2 and T3 and had no statistical difference at time points T4 and T5.
Alar Base Width (ac-ac)
The alar base width was significantly wider in the cleft lip-cleft palate patients at time points T1 through T4 when compared with the Farkas controls. However, by time point T5, there was no statistical difference between the two groups.
Alar Width (al-al)
The alar width was significantly wider in the cleft lip-cleft palate patients at time points T1 through T4 when compared with the Farkas controls. However, similar to the alar base width, by time point T5, there was no statistical difference between the two groups.
Columella Length (sn-c=)
The columella length on presentation (T1) was significantly shorter in the cleft lip-cleft palate patients when compared with the Farkas group. However, after nasoalveolar molding and primary Volume 127, Number 4 • Analysis of Nasoalveolar Molding Outcome nasal reconstruction, there was no statistical difference at time points T2 and T3. At T4, the cleft lip-cleft palate patients' columella length was significantly shorter than the Farkas control group. However, by T5 this difference had disappeared.
Columella Width (sn=-sn=)
Because surgical repair of the cleft lip can narrow the columella and because of the technical difficulty associated with accurately measuring the columella width on the models, the columella width was not measured at T1 and T2. At T3 and T4, the cleft lip-cleft palate patients' columella width was significantly wider than the Farkas control group. However, by T5, this difference had disappeared.
DISCUSSION
The goal of nasoalveolar molding in the patient with bilateral cleft lip-cleft palate is to align Plastic and Reconstructive Surgery • April 2011 the alveolar segments, place the lower lateral nasal cartilages in their normal position, increase nasal tip projection and convexity, stretch nasal lining for a tension-free dome approximation, and increase columella length. Once this is achieved, the primary lip and nasal reconstruction can be performed simultaneously. This potentially eliminates the need for an additional, separate nasal reconstruction at an older age.
It is important to note that nasoalveolar molding alone is inadequate to produce the results reported in this article. Nasoalveolar molding cannot remove fibrofat from between the domes of the lower lateral cartilages, nor can it suture these domes together such that scar tissue can cause them to adhere together in a normal anatomical relationship. If the nasoalveolar molding before treatment produced adequate columella length and tip shape, a simple Cutting retrograde nasal dissection was performed. This method does not require any nasal tip incisions. If the columella length was inadequate following nasoalveolar molding, a more aggressive Mulliken approach using nostril apex incisions was used. In both surgical techniques, the domes of the lower lateral cartilages were sutured together using polydioxanone suture. It was not possible to compare nasoalveolar molding with the Mulliken technique alone, as too few of the latter procedures have been performed at our institution.
One of the difficulties in evaluating anthropometric measurements of the nose in bilateral cleft lip-cleft palate patients is deciding what group should be selected as a control group for the comparisons. Control group options include noncleft controls and other bilateral cleft patients who were treated with a different presurgical and surgical technique. We selected the Farkas group as our controls because we believe that the goal of intervention in cleft lip-cleft palate patients should be to achieve normal (noncleft) anatomy. The Farkas data set includes measurements from thousands of noncleft children at multiple ages and is accepted as a reference guide for normative anthropometric values. As described previously, the differences between our patient population and the population studied by Farkas are minor, and we believe that valid conclusions can be drawn from these comparisons. 12 Furthermore, we believe that comparing our nasoalveolar molding group to another bilateral cleft lip-cleft palate population would not be a fair comparison, as most of the children receiving other treatment protocols have had additional nasal reconstruction by the time they are 12 years old. None of the patients in this Volume 127, Number 4 • Analysis of Nasoalveolar Molding Outcome study underwent additional nasal reconstructive surgery after the initial primary reconstruction performed at the time of their lip repair. When evaluating the specific anthropometric measurements studied, several interesting observations can be made. Based on our analysis, we would hope for a nonsignificant result between the two groups, as this would imply that the treatment group was similar to the Farkas control group in nasal morphology. Nasal tip protrusion achieved following nasoalveolar molding and primary nasal reconstruction exceeded controls at the time of cleft lip repair (T1) and cleft palate repair (T2) (p Ͻ 0.05) but, although still longer than the Farkas controls, had lost statistical significance at ages 7 and 12.5 years. This suggests an equivalent nasal tip protrusion in the treatment group relative to the Farkas control group, and the two groups appear to be on parallel growth curves. In the Farkas control group, nasal tip protrusion is 89 percent complete by age 12. The alar base width was initially excessive in the cleft group but reached normal width by age 12.5 years (p Ͼ 0.05). In the noncleft Farkas control group, alar base width development is 91 percent complete by age 12.
The alar width was increased relative to the noncleft group through the age of 7 years but reached normal width by age 12.5 years (p Ͼ 0.05). In addition, the magnitude of discrepancy appears to remain relatively constant through T5. This is important, as the alar base width and the alar width can initially be set by the surgeon at the time of the primary lip and nasal reconstruction. Because the growth of the nose appears to be proportional from the time of primary nasal reconstruction, these data imply that we might need to further decrease the alar base width and alar width at the time of our primary reconstruction.
Normal columella length was achieved with nasoalveolar molding and primary nasal surgery, and its length increased through age 12.5 years (p Ͻ 0.05). Although there was a statistical difference between the two groups at time point T4, this difference was gone by T5. In the noncleft Farkas control group, columella length development is 78 percent complete by age 12. Again, the increase in columella length between the study and control groups appears to be on parallel growth curves. Finally, the columella width was initially excessive but normalized with growth over time, such that by age 12.5 years there was no statistical difference between the two groups. Based on the Farkas data, nearly 80 percent of nasal growth is completed by the age of 12 years. Because our treatment group appears to be on a parallel growth curve with the noncleft Farkas controls, one might be tempted to extrapolate that the nasal morphology and proportions of these patients with clefts will remain on the same growth curve until nasal growth is complete. Although we believe this prediction is probable, only additional long-term follow-up will fully answer this question.
One must also ask how this compares with other presurgical infant orthopedic techniques. In 1995, Mulliken, who has published extensively on bilateral cleft lip repair, [21] [22] [23] [24] [25] [26] [27] [28] outlined the retrospective anthropomorphic analysis of his repair. 23 He divided his patients into three groups. For purposes of analysis, only the last group is comparable to our nasoalveolar molding study population. In this group of patients, he used a Georgiade-Latham pin-retained palatal appliance before the primary surgery. In Mulliken's article, he only had measurements on four patients in this group aged 1, 2, 4, and 5 years, and no exact numbers are provided on the anthromorphic analysis; this makes performing accurate comparisons difficult. He states that the nasal tip protrusion and columellar length are within 1 SD of normal. In contrast, globally, there is little to no statistical difference between the noncleft Farkas patients and our patient population.
CONCLUSIONS
This is the first study to describe nasal morphology following nasoalveolar molding and primary nasal reconstruction in patients with bilateral cleft lip-cleft palate through the age of 12 years. In this investigation, we have shown that patients with bilateral cleft lip-cleft palate treated with presurgical nasoalveolar molding required only their initial primary nasal reconstruction, performed at the time of their lip repair, to attain nearly normal nasal morphology through 12.5 years. 
